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1
PULSE ANALYSIS SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a system that
analyzes pulsed DC or AC signals to determine pulse
characteristics and, more particularly, to a device inde-
pendent system that will decompose a composite pulse
and provide the characteristics of the pulses which
comprise the composite pulse.

2. Description of the Related Art

Measurement of pulsed signals have been performed

for many years in the fields of radar and communication
system testing. Since such pulsed signals both AC and
DC are very common and relatively simple to analyze,
several techniques for measuring the characteristics
associated with these pulsed signals have evolved.
Many manufacturers have implemented pulse measur-
ing capability within the programmable digitizing oscil-
loscopes currently avatilable.

One of the common methods for performing pulsed
signal analysis in the prior art i1s called the histogram
plotting method. In this method, a table of voltage val-
ues 1s created. Each entry in the table corresponds to a
vertical voltage value as defined by the cell resolution
of the digitizing oscilloscope. That is, if the voltage
range of the oscilloscope is set at 1-100 volts with a
resolution of 1 volt (i.e. 1 volt per division or display
cell of the display) the table would include 100 entries
corresponding to the 100 vertical display cells. The
histogram method counts the number of display cells
which occur for each voltage level and enters the count
into the appropriate location in the table. The voltage
cell level table entry that has the highest count 1s as-
sumed to be the pulse base value or baseline reference
and the cell level with the second highest count is as-
sumed to be the top of the pulse. The first cell along the
time axis that has the top of the pulse value 1s assumed
to be top front corner of the pulse or the end of the
leading edge and the last cell along the time axis with
the top of the pulse value 1s assumed to be the start of
the traitling edge of the pulse or the top back corner.
The pulse edges are assumed to be smooth for pulse
width and other pulse characteristics. This method also
assumes a duty cycle of less than 509% for the pulse and
assumes that the pulse edges are substantially vertical.
This method can confuse high frequency AC with a DC
pulse and does not take into consideration noisy base-
lines, preshoot, overshoot and ringing problems. This
method can also result in inaccurate location for the
base and top pulse levels as well as the rising and falling
edges. This method is not capable of handling even
simple composite pulse signals because only two levels
and two edges are determined. This method can also be
confused by holes and spikes in the signal.

The second method is called the threshold method
and requires knowledge of the likely pulse height ahead
of time. In this method when the voltage value rises
above a predetermined threshold, the pulse is consid-
ered to have started and when it falls below the prede-
termined threshold the pulse is considered to have
ended. This locates the rising and falling edges and an
assumption as to the pulse height provides the height
pulse characteristic. This method will also not charac-
terize composite pulses or pulses with holes or spikes
therein.
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A third method which is called the visual analysis
method requires that the operator measure the pulse
characteristics using the scale references on the digitiz-
ing oscilloscope. This method of course suffers from
errors in consistency between operators and it is not
simple for an operator to perform for a composite pulse.

Composite pulse waveforms consist of the additive
composition of several pulses of varying amplitude and
width into a single composite pulse. These types of
signals are difficult to measure automatically due to
their complex nature and the effects of noise, etc. Due
to the relative infrequency of the need for measuring
composite pulses, these signals have been generally
relegated to manual measurements by the operator, that
is, the third method discussed above. Since the presence

-of pulsed composites is becoming more and more preva-

lent in the state of art communications and radar equip-
ment now being tested, and in the face of growing con-
cern over test speed and validity, a repeatable, auto-
matic method of performing pulse measurements of
composite pulses is needed.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
pulse analysis system which is independent of the type
of programmable digitizing oscilloscope used in the

system.

It is another object of the present invention to pro-
vide a system that 1s not confused by missing, added,
skewed, overlapped or inverted pulses.

It is an object of the present invention to support
generic or standard pulse signals.

It is a further object of the present invention to use
the actual measured data for pulse analysis.

It is an additional object to provide a system that will
measure both AC and DC puised signals.

It 1s another object of the present invention to count
the number of pulses in a signal.

It is also an object of the present invention to provide
an analysis when only a single sample of the signal is
available.

It is an object of the present invention to provide a
method and a system that does not require visual analy-
sis by the operator.

It is a further object of the present invention to pro-
vide a system which excludes noise from the analysis
process. '

It is also another object of the present invention to
allow analysis of both positive and negative going
pulses and composite combinations thereof.

It is an additional object of the present invention to
provide display coordinates for the critical points of the
pulse, so that the digitizing oscilloscope can highlight
the appropriate portions of the waveform.

The above objects can be accomplished by a system
and method that digitizes a waveform with an oscillo-
scope and loads the digitized waveform into a com-
puter. The computer scans the waveform locating lead-
ing edges and tops of pulses until a trailing edge is dis-
covered. The trailing edge allows the pulse characteris-
tics of the pulse associated with the trailing edge to be
determined. This discovered pulse is removed from the
waveform and the scan for leading edges, pulse tops and
a trailing edge is performed again to isolate and charac-
terize another pulse. This cycle of pulse detection, anal-
ysis and removal continues until no more pulses remain.

These together with other objects and advantages
which will be subsequently apparent, reside in the de-
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tails of construction and operation as more fully herein-
after described and claimed, reference being had to the
accompanying drawings forming a part hereof, wherein
like numerals refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an AC or DC pulse and the mea-
surement characteristics of interest;

FIG. 2 illustrates a pulse train;

FIG. 3 depicts a composite pulse;

FIG. 4 illustrates the system of the present invention;

F1G. SA-SD graphically illustrate pulse decomposi-
tion;

FIG. 6 is a flowchart of the main control procedure
of the present invention;

FIG. 7 illustrates the baseline routine called from
FIG. 6;

FIGS 8A and 8B are a flowchart of the edge detec-
tion procedure called from FIG. 6;

FIGS. 9A and 9B depict the ﬂow of the pulse top
detection procedure called from FIG. 6; and

FIG. 10 illustrates the pulse characternistics calcula-
tion routine called from FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 11llustrates a typical pulse 10 and the character-
istics of the pulse which the present invention can deter-
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counted in addition to determining the characteristics of
each pulse in the pulse train. If the signal 1s a composite
pulse, the number of pulses that comprise the composite

- pulse will be counted. A burst of pulses can be measured
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mine and the characteristics of the analysis filters which

can be set to remove noise from the pulse being ana-
lyzed. The present invention determines the reference
baseline or DC offset voltage 12 on which the pulse
signal being analyzed rides. If the signal is a composite
signal, the DC offset or reference baseline of the entire

30

waveform will be set by definition as the DC offset of 35

the first pulse. Every other pulse will then have its own
DC offset measurement. The present invention will also
calculate the delay 14 of the pulse from the trigger
signal 16 which 1s measured as the time between the
50% leading edge of a pulse point 22 and the scope
trigger occurrence 16. However, the delay point per-
centage value can be set to any percentage of the mea-
sured amplitude of the pulse. The droop 18, that is, the
difference between the normal pulse amplitude 28 and
the amplitude at the end of the pulse expressed as a
percentage of the normal pulse amplitude 1s also deter-
mined. The duty cycle or the ratio between the pulse
width and the period of a signal expressed as a percent-
age is also determined. The fall time 19 defined as the

40

45

time required for the signal to fall from 90% to 10% of 50

its normal pulse amplitude 28 i1s determined by picking
the digitized data points closest to these percentage
levels. In this situation the calculations will be more
accurate if care is taken to optimize the time scale so
‘that as much data as possible pertaining to the pulse
trailing edge is provided by the digitizing oscilloscope.
The present invention also calculates the pulse width 20
which is the time between the leading edge 50% point
22 and the trailing edge 50% point 24 of the signal. The
rise time 26 is also calculated which is the time required
for the signal to rise from 10% to 90% of its normal
pulse amplitude. Once again, if the time scale 1s opti-
mized this measurement will be more accurate. The
present invention also determines the normal pulse am-
plitude 28 as well as the peak voltage amplitude 30 as
measured from the DC offset for that pulse.

If a pulse train is being analyzed such as illustrated in
FIG. 2, the number of pulses in the pulse train will be
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in 0.5 increments thereby informing the operator that
the scope display needs to be rescaled to capture the

entire pulse train. The present invention can also pro-
vide the spacing between pulses, that is the time be-
tween the leading edge of the first pulse and the leading
edge of a requested pulse as indicated by the pulse num-
ber input by the user. The present invention will also
calculate the period of a repetitive signal and the pulse
repetition frequency or the rate at which a pulsed signal
repeats itself. Some of the parameters for the DC pulse
train of FIG. 2 are illustrated in Table 1: |

| TABLE 1
Pulse Number: Pl P2 P3 P4
VOLTAGE 10V 20V 10V 10V
PULSE WIDTH IOms 1.5ms 0.5 ms 2.0 ms
SPACING Oms 1.5ms 35 ms 5.0 ms
10ms 25 ms 45 ms 6.0 ms

DELAY FROM TRIGGER

In addition to the above-mentioned parameters, the
burst or pulse count for the FIG. 2 signal 1s 4, the DC
offset for each pulse is 3 volts and the other characteris-
tics such as rise time, droop etc. can also be produced.

A composite pulse is a special case of a DC pulse
train. An example of a composite pulse 1s illustrated in
F1G. 3. In this figure the pulse count is 5. As can be seen
in the figure, the pulses which make up the composite
are numbered according to the occurrence of each
pulses leading edge and the base level of one pulse can
be the same as the top level of another pulse. Table 2
illustrates some of the characteristics of the composite
pulse in FIG. 3 measured by the present invention,
founded for simplicity are:

TABLE 2

Pulse Number: Pl P2 P3 P4 P5
VOLTAGE: 10V 10V 20V 10v —-10V
PULSE WIDTH: 50 ms 40 ms 1.0 ms 1.0 ms 1.0 ms
SPACING: O0ms 1.0ms 1.0 ms 4.0 ms 5.0 ms
DELAY FROM OS5 ms 1.5 ms 1.5 ms 4.5 ms 5.5 ms
TRIGGER:

DC OFFSET: 20V 30V 40V 40V 20V

In addition to the above measurements, the other pa-
rameters such as rise time and pulse droop can also be
provided.

For the system to determine the signal characteristics
as discussed above, the user must supply several filter
related signal characteristics as well as information
about the instrument being used. Device data which
provides a description of the instrument used to collect
the data and the state of the device at the time of mea-
surement along with the array of digitized data needs to
be provided by the user. The device data includes a
starting cell location which is usually 1, the ending cell
location which is usually the maximum number of cells
on the time axis that the device is capable of digitizing.
Both the horizontal (seconds/cell) and vertical (volts/-
cell) increments along with horizontal (time) and verti-
cal (volts) values of the initial vertical and horizontal
values are also provided as device data. The horizontal
and vertical cells per division which indicates the reso-
lution of the screen are provided as device data. Com-
bining all of the above device data information, it is
possible to determine the relative time and voltage of
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each individual cell location which is used to initialize
the routines to be discussed in more detail later. The
array of digitized data should be preconditioned (that is,
checked for oft scale voltage characteristics), integer-
1ized and scaled for maximum resolution, so that, if pos-
sible, the minimum voltage possible has a value of 1 cell
and the maximum voltage has a value equal to the num-
ber of cells possible in the vertical direction. This can be
accomplished by the oscilloscope operator adjusting the
display so that the signal is as large as possible and
- centered in the screen. The term cell as used in the
present invention refers to a display cell of the oscillo-
scope being used and is defined by two values a time
width and a voltage height. The time width that a cell
represents varies depending on the time scale selected
on the scope. For example, if the display is 1024 cells
wide and the time scale is set to a maximum width of 10
milliseconds each cell is 10/1024 milliseconds wide.
The voltage height that a cell represents also varies
depending on the voltage scale selected. For example, if
the display is set to display from 0-5 volts and the dis-
play is 1024 high, each cell represents 5/1024 volts. The
user must also specify the minimum pulse width ex-
pected expressed as a number of cells on the oscillo-
scope display being used where the default is one cell.
For example, if the display is 1024 display cells wide,
the display is displaying 10 milliseconds of data and the
minimum pulse width is one millisecond the minimum
pulse width would be 1024/10 or 102 cells. This value
should be chosen carefully because any pulse width less
than the minimum pulse width will be considered a
ghtch or spike and discarded. The minimum pulse

‘width 1s used to verify that a full pulse edge (and not
- just a noise spike or glitch) has been found. In this situa-
tion the signal must remain outside a base filter value, to
be discussed 1n more detail later, for at least a number of
cells equal to the minimum pulse width to be considered
a valid pulse edge. In addition, in locating the top of a
pulse, the point to point slope of the signal must be less
than a predetermined nise rate, to be discussed later, for
at least the number of points set in the minimum pulse
width to be considered a valid pulse top. The minimum
pulse width number of cells for the pulse top is averaged
as an imtial guess at the pulse amplitude. In the special
~ case where the pulse width of a pulse train is so narrow
as to occupy only one display cell on the oscilloscope
the pulse width minimum parameter should be set to
zero. The user should also specify the peak voltage
amplitude expected for the signal to be measured as
measured from the DC offset position where the default
1s one cell. This is used as a multiplier with the maxi-
mum ringing value and the preshoot maximum value

- percentages, both to be discussed later, to obtain a rep-

resentation of these parameters expressed as a voltage.
This value is also used with the maximum rise time
parameter and the maximum fall time parameter as a
multiplier to guess the voltage travel during these times
to determine a rise rate. The maximum ringing voltage
input by the user i1s the maximum amount of peak to
peak variance in the top of the pulse expected in the
signal expressed as a percentage of the normal pulse
amplitude. It is used to determine a top pulse filter, to be
discussed in more detail later, which is the number of
vertical cells the top of the pulse 1s permitted to vary
where the default is one cell. The top pulse fiiter is used
along with the minimum pulse width to determine
whether a trailing edge has been encountered. A trailing
edge 1s not considered to have been found until at least
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the minimum pulse width number of cells have been
counted as falling outside the pulse top level by the top
filter amount. A leading edge of a composite pulse 1s not
considered found until at least the minimum pulse width
number of cells have fallen outside the top filter amount
from the previous pulse top (base reference level). The
preshoot maximum parameter provided by the user is
the maximum amount of peak to peak variation in the
pulse baseline expressed as a percentage of the normal
pulse amplitude. This value is used to determine a pulse
base filter which is the number of vertical cells the base
of the pulse is permitted to vary where the default 1s one
cell. In determining the pulse baseline, points are aver-
aged from the beginning of the data array until a point
falls a number of cells away from the average by the

‘base filter amount. A leading edge is not found until at

least greater than or equal to the minimum pulse width
number of cells fall at least the base filter number of
cells away from the pulse base level. The maximum rise
time parameter provided by the user is the maximum
expected time required for a signal to rise from 10% to
90% of its peak voltage value. This value is used in
conjunction with the peak voltage amplitude previously
discussed to determine a rise rate which i1s the maximum
point to point slope. Unless the rise rate proves to be a
slope less than 45% from the pulse base, the rise rate is
set equal to one. If greater than 45°, the rise rate is set
equal to zero. In order to locate a pulse top, the point to
point slope must be less than the rise rate for at least the
minimum pulse width number of cells. The maximum
fall time provided by the user is the maximum expected
time required for a signal to fall from 90% to 10% of its
peak voltage value. This value is used in conjunction
with the expected peak voltage amplitude to determine
a fall rate, which is the maximum point to point slope.
Unless the rate proves to be a slope less than 45° from
the pulse top, the fall rate is set equal to 1. If greater
than 45°, the fall rate is set equal to zero. In order to
locate a pulse base, the point to point slope must be less
than the fall rate for at least the minimum pulse width
number of cells. The user also specifies the minimum
pulse depth which 1s used to detect a hole where the
default is 3 dB. The user can also specify what percent-
age of the measured voltage value to use as the level for
the pulse width, spacing and delay from trigger mea-
surements. The default is 50%. When an AC signal is
being measured the user can enter a value of 70.71% to
measure the half power point of the AC pulse. The user
can further specify the location of the cell which is the
triggering position of the instrument which is used to
calculate the delay from the trigger for each pulse al-
though as previously indicated this information is pro-
vided as part of the device data.

The present invention, as illustrated in FIG. 4, in-
cludes a conventional programmable digitizing oscillo-
scope 80 such as the Tektronix 2432 or the 2430A con-
nected to a signal source 82 by a signal line and a trigger
line 84 and 86. Of course any programmable digitizing
oscilloscope could be substituted for the Tektronix
scope. If the signal source is an AC signal source, an RF
detector which is essentially a diode 88 is used in the
signal path to the digitizing oscilloscope 80. The digitiz-
ing oscilloscope 80 is connected to a computer 90 by a
IEEE-STD-488 interface bus 92. The computer 90 is
preferably a VAX 1II GPX workstation computer avail-
able from Digital Equipment Corporation and the re-
sults are output to a conventional CRT display 94 or
printer. The software of the present invention is prefera-
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bly written in Ada however the “C” language, Fortran
or any other language suitable for performing the calcu-
lations discussed herein can be used. The system prefer-
ably receives a complete waveform from the digitizing
oscilloscope 80 over the bus 92 as 1024 data words of 8
bits each although the invention could be used with
higher resolution samples. During operation signal
source 82 provides a signal to the digitizing oscilloscope
80 for capture and display. This capture operation is
performed by the oscilloscope 80 under control of the
computer 90 using conventional commands transmitted
over the bus 92. The signal characteristics, that is the
voltage values for each time increment, are transmitted
over bus 92 to the computer 90 where further analysis is
performed to provide descriptive characteristics of the
pulses in the signal supplied by signal source 82.

The basic operation of the digitizing oscilloscope is
well known to those skilled in the art and will not be
described herein in great detail. Briefly, the digitizing
oscilloscope 80 obtains a plurality of amplitude mea-
surements of the signal supply bus source 82 at different
times over a time interval defined by time scale settings
of the oscilloscope or by time scale settings provided by
the computer system 90. These amplitude values are
temporarily stored in the oscilloscope and may be dis-
played integral with the oscilloscope 80 or transferred
to the computer system 90 in response to a conventional
direct memory access command from the computer
system 90. A more complete description of the con-
struction and operation of the preferred oscilioscope 1s
available from Tektronix Corporation and a more com-
plete description of the operation of the interface bus is
available from Tektronix or from Institute of Electrical
and Electronic Engineers.

The measurement sequence performed by the present
invention starts by setting up the oscilloscope based on
the parameters discussed above describing the signal to
be measured. These parameters are defined in terms of
standard syntax as defined in IEEE-STD-716 C/AT-
LAS: pulsed DC Train (section 16.31) and Pulsed AC
Train (section 16.29) incorporated by reference herein.
The digitized signal and the associated parameters are
read by the computer 90 from the oscilloscope 80 over
the bus 92 in a conventional DMA transfer operation
and provided to an analysis routine. The analysis rou-
tine initially sets up three noise immunity filters based
on the signal parameters. The first pair of filters provide
immunity to continuous random noise by setting mini-
mum vertical excursions that can be considered signifi-
cant. These filter values are determined and applied
separately around the pulse baseline and pulse top to
tailor the noise immunity charactenstics to the signal at
hand. A third filter 1s setup to provide immunity to large
voltage variations that are of a short duration (glitches
or spikes). This i1s done by setting a minimum time (or
width) that is considered significant. These techniques
provide noise immunity to both continuous noise and
glitches in the signal sample. The analysis routine then
processes the digitized data to determine the dc offset of

the signal and locates the first rising edge of the pulse. 60

To determine the dc offset, a rolling average of the

sample is taken up to the point where the leading edge

is first detected. This rolling average is used as a contin-

uously updated baseline value for the signal. The base-

line filter range is centered around the baseline and is
used 1n detecting the edges of the pulse. The location of
the leading edge is determined when enough points to
exceed the glitch filter criteria are detected outside of
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the baseline filter range. In other words, the routine has
located the start of a pulse, that is, a pulse both tall
enough and wide enough to be considered valid. The
final value of the rolling average (at the time the leading
edge is detected) provides the dc offset or baseline
value. The rolling average is also used when determin-
ing the baseline value for a succeeding pulse when the
top of a preceding pulse is used as the baseline. The
technique works equally well for both positive and
negative going pulses. The algorithm then determines
the location of the top of the pulse by locating the point
where the rise rate of the pulse turns flat or turns back
toward the baseline. Again, a sufficient number of
points must be located to exceed the glitch filter crite-
ria. The algorithm continues searching for the data for
additional pulse edges. For single pulses the next edge

‘will always be the falling edge associated with the pre-

vious rising edge. For composite signals this may or
may not be the case. Therefore, the algorithm searches
for either rising or falling edges and correlates the edges
(left to right, top to bottom) until an individual pulse
(one piece of the composite pulse) is determined.
Bounded by the detected pulse region the specific pa-
rameters of that pulse are determined. Since the system
calculates pulse parameters based on actual measured
data, if the scaling factors of the instrument are set so
that as much of a desired characteristic 1s displayed as
possible, the accuracy of the measurements can be maxi-
mized. The edge correlation process is an important
part of measuring composite signals since the found
pulse is removed by “cutting off the pulse”, (or remov-
ing the pulse from the sample data) after it has been
located and quantified. After each pulse is located,
quantified, stored, and cut off, the algorithm continues
the search, correlation, characterization and removal
process until no further pulses are detected. When all
pulses have been analyzed, the parameters are sorted to
comply with the PULSED DC TRAIN or PULSED
AC TRAIN syntax as defined in IEEE-STD- 716
C/ATLAS. The analysis routine then returns the sorted
parameters as well as status codes to provide for auto-
matic re-ranging of the instrument in case of out-of-
range conditions. The status codes indicate whether a
particular parameter has been successfully calculated.
The sorted parameters include the pulse characteristics
previously discussed. The characteristics are then
printed out on the printer, displayed on a CRT or trans-
ferred to the oscilloscope to indicate portions of the
waveform to highlight.

A more detailed description of the specific implemen-
tation details concerning this technique is provided
hereafter with respect to FIGS. 6-10, however, a
graphical description of the operation of the present
invention will be provided below to assist in under-
standing the invention.

To 1illustrate the operation of the present invention
when a composite pulse is encountered, FIGS. 5A-SD
which graphically illustrate the decomposition opera-
tion will be discussed. The routine starts (See FIG. 5A)
at the left of the data array and walks to the right until
a leading edge 100 and top 102 are located. The process
continues locating pulse edges 104 and tops 106 until a
trailing edge 108 is found. The location of a trailing
edge defines a pulse bounded by the trailing edge and
the most recently detected leading edge. The leading
edge essentially defines the pulse height. With normal
pulsed dc, the next edge will always be a trailing edge
but for this composite pulse, two pulses need to be tra-
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versed before locating the trailing edge 108. Once the
trailing edge 108 1s found, the pulse corner points 110
are set or fixed and all characteristics for this pulse are
calculated. The pulse corner points are the first and last
points in the leading and trailing edges. The pulse char-
acteristics are stored in an array in which the index is
the number or count of the most recent leading edge. In
this situation the count or index number i1s two. Next,
the waveform data array is re-defined (See FIG. 5B) so
that every data point considered part of the pulse is set
equal to the pulse baseline (which is the previous top
102). That 1s, all points between and including the first
point of the leading edge and the last point of the trail-
ing edge are set equal to the baseline. The pulse is thus
effectively cut off. The entire process now repeats, that
is, the routine scans in from the left to locate edge 110
(originally edge 100) and top 112 (originally part of top
102) until a trailing edge 114 is found. This sets the
corner points, allows calculation of the characteristics
for this pulse (in this situation pulse two), and the pulse
is cut off (See FIG. §C). This cycle is repeated (See
FIG. 5D) until all pulses have been processed and the
data array is left as a flat line. The characteristic result
array is then sorted according to occurrence of pulse
Jeading edge and then the results are returned.

The main procedure of the present invention, as illus-
trated in FIG. 6, 1s basically a loop structure which

scans the entire waveform data array until the end of

the array is reached. The routine first performs initial-
ization by copying all the input parameters into globals,
initializing all output variables defining the filters, as
previously discussed, and the rise, fall rates and the
minimum pulse widths, etc. based on user inputs. The

routine then calls 132 the determine baseline routine of

FIG. 7. If a baseline is not found (NF) during this pro-
cess indicating that the end of the data array has been
reached, the determine baseline routine exits to a step
134 which sorts the resuits array by the occurrence of
the leading edges 134 and then calculates 136 the pulse
spacing, pulse repetition frequency and the period be-
tween repeating pulses. Data is stored as a record which
contains the baseline level, leading edge base point,
leading edge top point, leading edge top level and pulse
direction. An array of these records is generated with
one record being created for each pulse encountered.
The index into this array is the number of times block
146 is executed. Once a leading edge is detected, as will
be discussed in more detail later, the latest array data 1s
combined with the most previous array data and is used
to form the pulse corner points. Once the points are
located all the measured characteristics are calculated
and stored in the results array. After all the pulses have
been located and sorted by occurrence of the leading
edge, the time between the 509% point on the leading
edge of the first pulse and the 50% points on the leading
edges of all other pulses is calculated. This data is then
provided to the user as pulse spacing data. Once the
spacing is calculated the pulse repetition frequency
(PRF)=1/spacing for each pulse is produced. The user
then visually correlates the calculated PRF to a repeat-
ing pulse pattern. For example, if the pulse train in-
cludes 8 pulses and the pulse repeats every three pulses,
then the PRF for the fourth pulse is the PRF for the
repeating pattern. Once the characteristics of the pulses
are determined, because the locations of each pulse
characteristic, such as the leading edge, are known, the
locations can be fed back to the programmable digitiz-
ing oscilloscope and used by the oscilloscope to high-
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light the various critical points of the pulses. Along
with the array of measured characteristics, for each
pulse the system returns horizontal indicies which iden-
tify the 50% points of each pulse. If the display has a
highlighting capability these points are used for control-
ling highlighting. Of course other points than the 50%
points can be used to indicate signal features for high-
lighting.

If the baseline is found, the main procedure next calls
138 the find next edge routine illustrated in FIGS. 8A
and 8B. Once again if a next edge is not found an exit
from this routine occurs to the sort step 134. If the next
edge is found then the find pulse top routine is called
140 which is illustrated in FIGS. 9A and 9B. If the pulse

top is found the pulse count is incremented by 0.5 indi-

‘cating that 4 of the pulse has been found. The next edge

routine, as will be discussed with respect to FIGS. 8A
and 8B sets a flag which indicates whether the edge just
detected is a trailing edge or a leading edge. If a trailing
edge has not been found 144, then the current base level
is set 146 equal to the previous top level. This 1s 1llus-
trated in FIGS. 5A and 5B where the top 102 became
the base 112. The routine then loops back continuing to
look for a trailing edge. This loop keeps locating the
next edge, pulse top and updating the location of the
next pulse base until a trailing edge is found. When a
trailing edge is found the pulse count i1s updated 148 and
the characteristics of the discovered pulse are calcu-
lated 150 as illustrated in more detail in FIG. 10. Next
the waveform is redefined 152 by cutting off the current
pulse which involves setting all the data points between
the current pulse basepoints equal to the current pulse
baseline level. The pointers to the data array are then
reset 154 to the beginning of the array and the routine
starts again.

The determine baseline routine illustrated in FIG. 7

~ essentially starts at the first cell in the waveform data
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array and walks through the array keeping a rolling
average until a point falls outside of the number of cells
away from the baseline set by the top of pulse or base-
line filter. That is, if the rolling average is 10 and the
filter 1s §, then a potential edge is detected 1if the cell
value is greater than 15 or less than 5. The detection of
an edge is then verified by the routine of FIGS. 8A and
8B. The baseline determination routine starts by initial-
izing 172 a pointer to the start of the data array and
initializing 174 an accumulator for an average to the
first data point (actually the first item in the data array).
The routine then determines 176 whether the data point
is more than a certain number of cells away from, less
than or greater than, the average. If not, the pomter 1s
incremented 178 and a determination is made 180 con-
cerning whether this is the last point in the data array. If
it is then the routine transfers back to the main proce-
dure of FIG. 6 to block 134. If this is not the last data
point the distance travelled through the data array is
calculated 182 followed by a calculation 184 of the
average. If the next data point (actually the next item in
the data array) is more than the base filter distance from
the average then the current pulse base level is set 186 to
the average followed by a return. The cycle of checking
and averaging continues until such a point is encoun-
tered.

The find next edge routine illustrated in FIGS. 8A
and 8B verifies the detection of an edge basically by
making sure that the data values stay the filter distance
away from the baseline or from the top level for the

minimum pulse width. The pulse direction is deter-
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mined by comparing the edge amplitude with the base

level. This procedure is called twice per pulse, once to-

discern the leading edge from the base, and again to
discern the trailing edge from the pulse top. The routine
starts at a point called cursor2 which is actually a
pointer to an item in the data array known to be part of
the pulse baseline or the top of the pulse because of the
way the baseline or top routine executed immediately
previous exited. The system determines 212 by examin-
ing a top located flag whether the top has been located.
If the top has been located the system sets 214 the filter
to the top filter. If the top has not been located, the
system sets 216 the filter to the base filter. The filter
value is determined by multiplying the user provided
maximum voltage by either the ringing maximum per-
centage associated with the top of the pulse or the pre-
shoot maximum percentage assoctated with the bottom
of the pulse and dividing by the vertical increment. If
the pulse edge has not been located 218, determined by
checking the edge flag, the system then determines 220
whether the current data point is more than the filter
distance from the current base level. This is essentially
a slope threshold test. If it is not, then the data array
pointer 1s incremented 222. If the new data point is the
last data point, then the system branches to the sort step,
134 in FIG. 6. If it is not the last data point, the system
keeps looking for a data point that satisfies the threshold
test. When the threshold test is satisfied the current
pulse basepoint 1s set 226 equal to the pointer value
(cursor2). When a leading edge is being detected this
point is the leading edge bottom corner point and when
a trailing edge 1s detected this 1s the trailing edge top
point. The pulse direction is determined 228 by deter-
mining whether the data at the pointer is above or
below the base level. If the data is above the basic level,

the direction pointer is set 230 to a positive one and if

the data point is below the base level, the current direc-
tion is set 232 to negative one. This is folilowed by set-
ting 234 the flag to indicate that the edge has been lo-
cated. Next the system continues looking at points to
determine whether the minimum pulse width for the
number of points away from the baseline is satisfied 236.
That 1s, the system continues to scan the data, compare
the data to the filter value and count the number of
points that are outside the filter threshold. When the
minimum width count is reached and no point inside the
filter threshold i1s encountered, this test 236 is satisfied
and a return to test 218 occurs. If the minimum width
criteria is not satisfied, the edge flag is reset 238 to indi-
cate an edge has not been located and a return to the top
of the routine occurs. If a pulse edge has been located in
step 218 then a determination is made 240 concerning
whether the pulse top has been located by checking the
top flag. If a pulse top has been located, a determination
244 i1s made concerning whether the current pulse direc-
tion is the same as the previous pulse direction. This is
performed by comparing the edge direction value for
the most recent pulse with the previous edge direction.
If the direction is not the same, then the trailing edge
located flag s set 246. If the pulse is in the same direc-
tion then a flag which indicates that the pulse a compos-
ite pulse is set 240.

The find pulse top routine is called twice per pulse,

first to find the pulse top after finding the leading edge

and again to relocate or locate a new baseline after
finding the trailing edge. The top of a pulse can be the
bottom of a negative going pulse such as PS5 illustrated
in FIG. 3. A top is basically located by starting near the

v

10

15

20

23

30

35

40

45

30

35

65

12

edge base point and walking through the data array
unti] the point to point slope is less than a specified rate.
A specified rate is provided from the user inputs for
maximum rise time and maximum fall time or is set to
one in the initialization procedure. At the beginning of
this routine the cursorl pointer for the data array 1s
located at a point which is known to be part of the base
of the leading edge the first point of the edge. The
cursor2 is set at 1 plus cursorl and the current pulse top -
point is set at the baseline. Once this initialization has
occurred, the system determines 264 whether a trailing
edge has been located by examining the appropriate
flag. If a trailing edge has not been located then the rate
is set 266 at the rising rate. If the trailing edge has been
located the rate is set 268 at the falling rate. In either
case, counters associated with detecting the trend in the

“data are set 270 to 0. Next the system essentially per-

forms a minimum pulse width detection operation by
comparing the contents of counterl to the edge filter
value. If the test 1s not satisfied another test 274 which
checks to determine whether the slope criteria has been
satisfied or whether the slope has turned negative. If
not, the second counter is incremented 276 followed by
a test 278 to determine whether the second counter is
greater than the first counter. This test is used to deter-
mine whether noise has been encountered. If so, count-
ers are reinitialized to zero because the slope has not
been maintained. If the test 274 is satisfied, a determina-
tion 282 i1s made concerning whether the counter] 1s at
zero and 1f so, the current pulse top point is set to the
pointer value. This step 282 is executed when the
proper slope is found and results in saving either the top
front point of the pulse when the detected edge was a
leading edge or the bottom trailing edge basepoint if the
edge detected was a trailing edge. In either situation
counterl 1s incremented 286 followed by incrementing
288 the data pointers. The system then checks 290 to
determine whether the data point is the last data point.
If the minimum pulse width detection test 272 is satis-
fied, the routine starts 292 at the current pulse top point
and averages the minimum pulse width number of data
points and sets this equal to the current pulse top lead
level which sets a new baseline value. This is equal to
the current pulse base level discussed with respect to
FIG. 6. Once the base level has been set, the flag indi-
cating that the pulse top has been located 1s set 294.

- When a pulse has been located, the routine illustrated
in FIG. 10 1s executed. This procedure is a collection of
calculations needed to obtain all the measured charac-
teristics. First, all the points between the current pulse
top points 1 and 2, where the top points 1 and 2 are the
top comer front point and top corner rear point previ-
ously discussed, are averaged and set to the average
amplitude. Next the droop 314 is calculated. If the pulse
composite flag is set, the baselines for the pulse are
compared and the point closest to the pulse top 1s
chosen as the pulse base level. If the flag is not set then
the line farthest from the pulse top is chosen as the base
level. This 1s followed by calculation of the peak volt-
age 316 and the DC offset 318. Next, the 90%, 10% and
user defined 50% levels are determined 320 and these
points are located by scanning the edge data, followed
by calculations to determine the rise time 322 and fall
time 324. The pulse width is then calculated 326 fol-
lowed by calculation of the delay 328. These values are
all stored in an output array for the pulse identified. .

The many features and advantages of the invention
are apparent from the detailed specification and thus it
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is intended by the appended claims to cover all such
features and advantages of the invention which fall
within the true spirit and scope of the invention. Fur-
ther, since numerous modifications and changes will
readily occur to those skilled in the art, it is not desired
to limit the invention to the exact construction and
operation illustrated and described, and accordingly all
suitable modifications and equivalents may be resorted
to, falling within the scope of the invention.

What is claimed is:

1. A pulse analysis system, comprising:

capture means for capturing a pulse waveform; and

analysis means for detecting a pulse by scanning and

comparing waveform data points to a minimum
pulse height and minimum pulse width wherein
said analysis means detects a pulse ed ge by' compar-
ing the waveform data points to a minimum dlS-
tance away from a rolhng average.

2. The system as recited 1n claim 1, wherein said
analysis means confirms detection of the edge by com-
paring the number of contiguous data points the mini-
mum distance away from the rolling average to a mini-
mum pulse width.

3. The system as recited in claim 2, wherein said
analysis means detects a pulse top by, after an edge is
detected, comparing the waveform data points to a
point-to-point slope. |

4. The system as recited in claim 3, wherein said
analysis means confirms top detection by determining
whether a minimum number of data points satisfy the
slope.

8. A pulse analysis system, comprising:

capture means for capturing a pulse waveform; and

analysis means for detecting a pulse by scanning and

comparing waveform data points t0 a minimum
pulse height and minimum pulse width wherein
said analysis means characterizes the pulse wave-
form by determining one of: pulse droop, rise time,
fall time, width, amplitude, dc offset, count, spac-
ing, delay, pulse repetition frequency and pulse
period. |

6. A pulse analysis system, comprising:

capture means for capturing a pulse waveform; and

analysis means for detecting, scanning and comparing

waveform data points to a minimum pulse height
and minimum pulse width, detecting a pulse edge
by comparing the waveform data points to a mini-
mum distance away from a rolling average, con-
firming detection of the edge by comparing the
number of contiguous data points the minimum
distance away from the rolling average to a mini-
mum pulse width, detecting a pulse top by, after an
edge 1s detected, comparing the waveform data
points to a point-to-point slope, conﬁrmmg top
detection by determlmng whether a minimum
number of data points satisfy the slope, and charac-
terizing the pulse waveform by determining pulse
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droop, rise time, fall time, width, amplitude, dc
offset, count, spacing and delay.

7. A method of analyzing pulses, comprising:

(a) capturing a pulse waveform;

(b) scanning the waveform to determine a pulse base-
Iine;

(c) scanning the waveform to detect a leading edge;

(d) scanning the waveform to detect a pulse top;

(e) scanning the waveform to detect a trailing edge;
and

() determuung pulse characteristics when the trailing
edge is detected wherein step (b) comprises averag-
ing waveform data points until a data point exceeds
a threshold around the average.

8. The method as recited in claim 7, wherein step (c)

‘and step (e) comprise:

(1) comparing waveform data points to a threshold,;
and

(2) determining whether a minimum number of con-
tiguous data points exceed the threshold once the
threshold s crossed.

9. The method as recited in claim 7, wherem step (d)

comprises:

(1) comparing data points to a slope; and

(2) determining whether a mimmmum number of con-
tiguous data points satisfy the slope when the slope
1s detected.

10. A method of analyzing pulses, comprising:

(2) capturing a pulse waveform;

(b) scanning the waveform to determine a pulse base-
line by averaging waveform data points until a data
point exceeds a threshold around the average;

(c) scanning the waveform to detect a leading edge
by:

(1) comparing waveform data points to a threshold;
and

(2) determining whether a minimum number of
contiguous data points exceed the threshold
once the threshold is crossed;

(d) scanning the waveform to detect a pulse top by:
(1) comparing data points to a slope; and
(2) determining whether a minimum number of

contiguous data points satisfy the slope when the
slope is detected;

(e) scanning the waveform to detect a trailing edge
by:

(1) comparing waveform data points to a threshold;
and

(2) determining whether a minimum number of
contiguous data pomts exceed the threshold
once the threshold 1s crossed;

(f) determining pulse charactenstlcs when the trailing
edge is detected,

(g) removing the pulse from the waveform; and

(h) repeating steps (a)-(g) until all pulses have been

removed from the waveform.
& % ¥ & ¥
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